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Precision mechanical products consist of lots of parts and assemblies. Data accumulation systems are
usually installed to monitor production processes, but only downstream data can be acquired with
respect to the processes of precision equipment. So, when a defect occurs, mechanical experts must
manually analyze a physical product to identify the cause (factor). In this study, we propose a novel
detection method for the defect factor based on the approximate Bayesian computation (ABC) with a
design simulator. Our method consists of two stages: 1) solve the inverse problem from the data; 2)
derive defect factor scores from two datasets corresponding to normal data and data with defects.
Numerical experiments and an application to actual data yield consistent results with design information
given as domain knowledge. Furthermore, it is shown that a surrogate model, i.e., an emulator, that
imitates a simulation can be estimated by combining a sparse modeling.
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Algorithm 1 ABC inspired inverse
Input: D= {y,},, _f(-),, 7(-), and Nsim
Output: X* = {m"‘(")}' .
=
1: for all j=1,..., Nsim do _
2. Draw a sample from a prior: ) ~ ().
3. Perform simulation: y¥) = f(a®).
4
5

: end for

: Compute the density ratio by applying KLIEP: r(y) =
P (y) /p7™ (y)-

6: Accept each sample /) with the probability propor-
tional to the density ratio.
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Algorithm 2 Defect factor detection via the ABC inspired

inverse

Input: Dy, Dg, f(),

Output: ¢ = {ca}}?,
1: Apply the ABC inspired inverse to Da, and obtain

XY = { *(J)}
j= 1

7()> Notm, and M

2: for allm=1,...,M do

3 for all £ = 'DA and Dg do

4 for alld=1,...,D, do

5 forall j=1,...,n do

6: Generate samples: sc{(ij ) o m(za), mi"; = 2*@,

7 Perform simulator: y = f(:z:(j)}.

8 end for

9 Compute the density ratio by using KLIEP:
r(y) = p™" (@) /P ().

10: Accept each sample £ with the probability
proportional to the density ratio.

1L: Assign the total number of accepted samples
a;"'E

12: end for

13:  end for
14: end for
15: Calculate the defect score (6).
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